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A retortable high panel strength plastic container (10) that includes a sidewall (1 1) and a bottom wall (12). The container 
(10) has a recessed circular center portion (17) in the bottom wall (12) that is designed to facilitate the volumetric changes that oc- 
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HIGH PANEL STRENGTH RETORTABLE PLASTIC CONTAINERS 

TECHNICAL FIELD 

The present invention relates generally to plastic containers, and more 
particularly to retortable plastic containers having a high panel strength and 
a bottom configuration which reduces problems heretofore associated with the 
sterilization of plastic containers containing liquids. 

BACKGROUNP OF THE INVENTION 

Many products which require sterilization, such as nutritionals and 
pharmaceuticals, have traditionally been packaged in glass containers. The 
technology associated with the sterilization-of glass containers is very well 
developed. Glass bottles are most frequently sterilized under conditions in 
which there is a net vacuum inside the container so as not to subject the 
glass to tension during sterilization. 

However, consumers have increasingly indicated a preference for plastic 
containers, due to factors such as lower cost, lower potential for container 
breakage with dangerous sharp debris, lower weight, and ecological concerns. 
In some instances a very hot liquid is placed into a plastic container during 
a "hot filling" operation and the plastic container is not subjected to 
retort conditions. However; for some products the plastic containers are 
filled with a relatively cool liquid and then subjected to retort conditions 
to sterilize the contents. The sterilization of plastic containers has 
required careful control of sterilizer pressure in order to minimize 
excessive container deformation and the resulting catastrophic failure of 
such containers. In addition, the rate of change of sterilizer temperature 
has tended to be constrained by the need to minimize container-to-container 
temperature variations and thus the simultaneous need for different pressures 
for different containers within the sterilizer. Also, the maximum allowable 
container temperature has been limited due to a tendency of the plastic 
containers to become weaker at higher temperatures and a need for excessive 
pressures to prevent container deformation. 

Typically, when containers are filled steam is injected into the 
container just prior to the container being sealed. During sterilization, 
problems can arise with the deformation of a sealed container due in part to 
the inter-relatedness of product volume, headspace gas volume, and container 
volume. In a container packed without the use of a vacuum, the volume of 
product and the volume of the headspace gas equal the volume of the 
container. In a container packed under a vacuum, the volume of product plus 
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the volume of the headspace gas 1s less than the volume of the sealed 
container and the total fill equals the headspace volume plus the product 
volume. 

The sterilization of plastic containers presents the possibility of 
encountering a problem herein referred to as catastrophic failure. 
Containers which experience catastrophic failure exhibit post-sterilization 
shapes which do not approximate the containers' pre-sterilization shape. If 
a failure occurs in the bottom of a container due to inadequate sterilizer 
pressure, the failure is called a buckled bottom or end. If a failure occurs 
in a sidewall of a container due to either inadequate or excessive sterilizer 
pressure, the failure is called a panel failure. Closure failure and failure 
of other container features are also common. 

One proposed solution to the long felt need for a retortable plastic 
container is disclosed in U.S. Patent Number 4,125,632. This patent proffers 
as the solution to the problem of catastrophic failure the presence of 
localized thin spots in the bottom wall of a container to facilitate 
expansion and contraction of the container's bottom during sterilization. 
This patent discloses that it is critical that the thickness of the sidewall 
must be thicker than the thickness of the base. Unfortunately, due to the 
criticality of the varying wall thickness the plastic container disclosed in 
U.S. Patent 4,125,632 the can taught therein can only be made using certain 
manufacturing methods. For example, the container disclosed in the patent 
can not be made by extrusion blow molding. 

. Commonly owned U.S. Patent Application Serial No. 07/638,281 filed on 
January 4, 1991 discloses a retortable plastic container having a low panel 
strength and a bottom profile described by a particular equation. Ifa__ 
design er or engineer should choose to provide a container with features that 
result in a high panel strength such as using stronger plastics _ L jisjng_Uij^ 
sidewalls or employing strengthening features su ch as ribs, catastrophic 
fai lures may still be frequently experienced. The teachings of this 
copending patent application still leave unsaittg d the problem, of catastrophic 
failure during sterilization of a plastic-Container naving a high panel 
strength. 

As used herein and in the claims "panelling" is understood to mean a 
localized deformation in the sidewall of a container. As used herein and 1n 
the claims "panel strength" is understood to mean the net external pressure 
(difference between external and internal pressure) at which the sidewall of 
an empty sealed container buckles at a temperature of 21.3 *C (70'F). As 
used herein and in the claims a "high panel strength" is understood to mean a 
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panel strength of greater than 17.5kPa (2*54 p.s.i.). - 

A critical performance requirement in retortable plastic containers 
with high panel strength is the capability of a container to deform in such a 
manner as to increase the volume of the container with increasing temperature 
and internal pressure, and decrease the volume of the container with 
decreasing temperature and internal pressure without experiencing^ 
catastrophic failure . One benefit of a container possessing this capability 
is that with an increasing range of allowable container volumes during 
sterilization the variation of the internal pressure in a container 
experienced during a given sterilization process is reduced* However, this 
capability also minimizes both the magnitude and range of internal pressures 
in containers during sterilization. These two effects in synergistic 
combination reduce the possibility that either inadequate or excessive 
sterilizer pressure will cause a container to sustain a catastrophic 
container failure. Another benefit is that this capability also provides 
markedly larger allowable ranges of operating parameters which are ancillary 
to the sterilization process such as product fill, headspace gas volume, 
sterilizer pressure, product temperature, etc. 

Containers which have the capability to expand a significant amount 
during sterilization and return substantially to their pre-sterilization 
shape without experiencing a catastrophic failure are easier to sterilize 
because such containers can survive diverse temperature- pressure conditions, 
thus allowing the use of rapid heating and cooling batch and continuous 
sterilizers, dependent on container fill conditions. Preferably a container 
must be able to deform to provide a container volume increase of as much 6%, 
corresponding to the thermal expansion of the liquid packaged in the 
container, dependent on headspace gas volume, and preferably in excess of 10% 
without experiencing catastrophic failure of the container. This capability 
is especially advantageous when sterilizing heat sensitive nutritional and 
pharmaceutical products in which minimizing the thermal degradation of either 
product nutrition or medical potency is essential. Another coincident 
benefit is significantly reduced manufacturing costs due to higher sterilizer 
productivity. In a high panel strength container the majority of the 
expansion needs to occur in the bottom wall of the container, and a container 
in accordance with the invention disclosed herein has a recessed circular 
center portion which allows the required volume changes without panelling of 
the container. 

It is apparent that a need exists for improved high panel strength 
plastic containers capable of surviving retort in high-speed sterilization 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The following detailed description of the invention may be better 
understood by referring to the annexed drawings wherein: 

Figs. 1-7 are fragmentary cross-sectional views taken in a vertical 
plane showing the base portions of plastic containers according to the 
invention taken in a vertical plane; 

Figs. 8-11 are front, side, top and bottom views, respectively, of a 
plastic container according to one embodiment of the invention; 

Figs. 12-15 are front, side, top and bottom views, respectively, of a 
plastic container according to another embodiment of the invention; and, 

Figs. 16-19 are front, side, top and bottom views, respectively, of a 
plastic container according to yet another embodiment of the invention. 

DETAILED DESCRIPTION OF THE INVENTION 

An example of a base portion of a retortable high panel strength 
plastic container 10 according to the invention is shown in Fig. 1, which is 
a fragmentary cross-sectional view taken in a vertical plane which contains 
the longitudinal axis 18 of the container. 

As used herein and in the claims "container" is understood to mean a 
container by itself without a closure. 

As used herein and in the claims "panelling" is understood to mean a 
localized deformation in the sidewall of a container. As used herein and in 
the claims "panel strength" is understood to mean the net external pressure 
(difference between external and internal pressure) at which the sidewall of 
an empty sealed container buckles at a temperature of 21.3" C. As used herein 
and in the claims "high panel strength" is understood to mean a panel 
strength of greater than 17.5 kPa (2.54 p.s.i.). 

As used herein and in the claims "plastic" is understood to have the 
meaning stated in ASTM D883-5T, to wit: a material that contains as an 
essential ingredient an organic substance of large molecular weight, is solid 
in its finished state, and, at some stage in its manufacture, or in its 
processing into finished articles can be shaped by flow. 

As used herein and in the claims terms such as "upper", "lower", "top", 
"bottom" and other words describing relative vertical locations are 
understood to refer to a container that is sitting on a flat and level 
surface such that the longitudinal axis 18 of the container is oriented 
perpendicular to the flat surface. 
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As used herein and in the claims "vertical" is understood to mean a 
direction which is both parallel to the longitudinal axis of a container and 
perpendicular to a flat and level surface upon which the container is 
resting, and "horizontal" is understood to mean a direction which is both 
perpendicular to the longitudinal axis of a container and parallel to a flat 
and level surface upon which a container is resting. 

As used herein and in the claims "radial" and "radially" are understood 
to mean directions which are perpendicular to the longitudinal axis of the 
container, with "radially inward or inwardly" being a direction going towards 
the longitudinal axis and "radially outward or outwardly" being a direction 
going away from the longitudinal axis. 

The base portion of the container 10 includes a sidewall 11 and a 
bottom wall 12 which are formed as a single piece. The container has an 
exterior surface 13 and an interior surface 14. At the lowermost portion of 
the exterior surface of the bottom wall of the container is a resting surface 
15, at a heel portion 16 of the base portion of the container 10, which 
extends circumferentlally about a recessed circular center portion 17 of the 
bottom of the container which has as its center the longitudinal axis 18 of 
the container. Associated with the curvature of the exterior surface 13 of 
the bottom of the container at both an inside corner 22 which connects the 
resting surface with the recessed center portion and an outside corner 20 
which 1s disposed within the recessed center portion 16 are two swing points 
SI and S2 which appear in this cross-sectional view of the container as the 
center points of circles which are hereinafter referred to by their center 
points* As used herein and in the claims a corner is an "outside corner" if 
the swing point associated therewith is located exterior of the container and 
is an "inside corner" if the swing point associated therewith is located 
exterior of the container. Of course, circles SI and S2 are actually 
circular cross sections of toroids (donut shaped structures). 

A (not shown in the drawing) is the weighted average of the radii of 
the two circles SI and S2, wherein the weighted average of the radii is the 
quotient of (a) the angular value of an arc of circle SI which is in contact 
with the exterior surface of the bottom wall of the container times the 
radius of circle SI, plus the angular value of an arc of circle S2 which is 
in contact with the exterior surface of the bottom wall of the container 
times the radius of circle S2, divided by (b) the sum of the angular values 
of the two arcs. As will be apparent from the embodiments illustrated in 
Figs. 1-7 circles SI and S2 may or may not have equal radii. As used herein 
and in the claims the "angular value of an arc" is the value of the included 
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angle having a vertex at the center of a circle and defined by radii of the 
circle which extend to the end points of the arc. Put another way, in a 
cross-sectional profile of the exterior surface 13 of the recessed circular 
center portion 17 of the bottom wall of a container taken in a vertical plane 
which contains the longitudinal axis 18 of the container, A is the weighted 
average of the radii of (a) a first circle SI which is a cross-section of a 
first toroid which is associated with the curvature of the exterior surface 
of the bottom of the container at an inside corner 22 which connects the 
resting surface with the recessed circular center portion and (b) the radius 
of a second circle S2 which is a cross-section of a second toroid which is 
associated with the curvature of the exterior surface of an outside corner 20 
which is disposed within the recessed circular center portion; wherein the 
weighted average of the radii is the quotient of (a) the angular value of an 
arc of the first circle which is in contact with the exterior surface of the 
bottom wall of the container times the radius of the first circle, plus the 
angular value of an arc of the second circle which is in contact with the 
exterior surface of the bottom wall of the container times the radius of the 
second circle, divided by (b) the sum of the angular values of the two arcs. 
The determination of the value of A may be Illustrated by referring to 

Fig. 5, wherein a preferred container, which will be described below more 

fully, has a circle SI with a radius of 3.23mm (0.127 inch) and an angular 

value of the contacting arc being 33', with the radius of circle S2 being 

2.54mm (0.100) inch and an angular value of the contacting arc being 36°. 

A = 33* 0.127 + 36 * 0.100 
33 + 36 

A = 2.87 mm (0.113 inch) 

B is the minimum horizontal distance measured along a line which 

intersects the longitudinal axis 18 of the container between a circle SI on 

one side of the longitudinal axis and another circle SI on the other side of 

the longitudinal axis. Put another way, in a cross-sectional profile of the 

exterior surface 13 of the recessed circular center portion 17 of the bottom 

wall of a container taken in a vertical plane which contains the longitudinal 

axis 18 of the container, B is the minimum horizontal distance between two 

circles SI, SI which are disposed on opposite sides of the longitudinal axis 
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18 of the container with both of these circles being cross-sections of a 
toroid which is associated with the curvature of the exterior surface of the 
bottom of the container at an inside corner 22 which connects the resting 
surface 15 with the recessed circular center portion 17. 

C is the horizontal distance measured along a line which intersects the 
longitudinal axis 18 of the container between a first vertical line which is 
tangent to a first circle SI and a second vertical line which is tangent to a 
second circle S2, both of said vertical lines being located on the same side 
of the longitudinal axis and both of said vertical lines being Interposed 
between circles SI and S2. Put another way, in a cross-sectional profile of 
the exterior surface 13 of the recessed circular center portion 17 of the 
bottom wall of a container taken in a vertical plane which contains the 
longitudinal axis 18 of the container, C is the horizontal distance between 

(a) a first vertical line which is tangent to a first circle SI which is a 
cross section of a first toroid which is associated with the curvature of the 
exterior surface of the bottom of the container at an inside corner 22 which 
connects the resting surface with the recessed circular center portion and 

(b) a second vertical line which is tangent to a second circle S2 which is a 
cross-section of a second toroid which is associated with the curvature of 
the exterior surface of an outside corner 20 which is disposed within the 
recessed circular center portion. 

D is the vertical distance between (a) a horizontal line which is 
tangent to the resting surface 15 of the container (b) and the exterior 
surface 13 of the bottom wall of the container as measured along the 
longitudinal axis 18 of said container. Put another way, in a cross- 
sectional profile of the exterior surface 13 of the recessed circular center 
portion 17 of the bottom wall of a container taken in a vertical plane which 
contains the longitudinal axis 18 of the container, D is the vertical 
distance between (a) a horizontal line which is tangent to the resting 
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surface 15 of the container and (b) the exterior 13 surface of the bottom of 
the container as measured along the longitudinal axis 18 of said container. 

E is the vertical distance between (a) the resting surface 15 of the 
container and (b) a horizontal line which is tangent to the top of a circle 
S2 associated with the curvature of the exterior surface of the bottom wall 
of the container at the outside corner 20 which is disposed within the 
recessed circular center portion. Put another way, in a cross-sectional 
profile of the exterior surface 13 of the recessed circular center portion 17 
of the bottom wall of a container taken in a vertical plane which contains 
the longitudinal axis 18 of the container, E is the vertical distance between 
(a) a horizontal line which is tangent to said resting surface and (b) a 
horizontal line which is tangent to the top of a circle which is a cross- 
section of a toroid which is associated with the curvature of the exterior 
surface of an outside corner 20 which is disposed within the recessed 
circular center portion. 

F is the horizontal distance between the radially outer edge of the 
resting surface 15 on opposite sides of the longitudinal axis 18 of the 
container as measured on a line which intersects the longitudinal axis. Put 
another way, in a cross-sectional profile of the exterior surface 13 of the 
recessed circular center portion 17 of the bottom wall of a container taken 
in a vertical plane which contains the longitudinal axis 18 of the container, 
F is the horizontal distance between (a) the radially outer edge of the 
recessed circular center portion 17 of the bottom wall of the container on 
one side of the longitudinal axis 18 and (b) the radially outer edge of the 
recessed circular center portion of the bottom wall of the container on the 
opposite side of the longitudinal axis. 

G is the horizontal distance measured along a line which intersects the 
longitudinal axis 18 between the centerpoints of circle SI on one side of the 
longitudinal axis and circle SI on the other side of the longitudinal axis. 
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Put another way, in a cross-sectional profile of the exterior surface 13 of 
the recessed circular center portion of the bottom wall of a container taken 
in a vertical plane which contains the longitudinal axis 18 of the container, 
G is the horizontal distance between (a) the center point of a first circle 
SI on one side of the longitudinal axis and (b) the center point of a second 
circle SI on the opposite side of the longitudinal axis, with both of the 
circles being cross-sections of a toroid which is associated with the 
curvature of the exterior surface of the bottom of the container at an inside 
corner 22 which connects the resting surface with the recessed circular 
center portion, 

H is the horizontal distance measured along a line which intersects the 
longitudinal axis 18 between the centerpoints of a circle S2 on one side of 
the longitudinal axis and a circle S2 on the other side of the longitudinal 
axis. Put another way, in a cross-sectional profile of the exterior surface 
13 of the recessed circular center portion of the bottom wall of a container 
taken in a vertical plane which contains the longitudinal axis 18 of the 
container, H is the horizontal distance between (a) the center point of a 
first circle S2 on one side of the longitudinal axis and (b) the center point 
of a second circle S2 on the opposite side of the longitudinal axis, with 
both of the circles being cross-sections of a toroid which is associated with 
the curvature of the exterior surface of an outside corner 20 which is 
disposed within the recessed circular center portion. 

I is the vertical distance from the resting surface 15 of the container 
bottom to the centerpoint of a circle S2 associated with the curvature of the 
outer surface of the inside corner of the heel. Put another way, in a cross- 
sectional profile of the recessed circular center portion of the bottom wall 
of a container taken in a vertical plane which contains the longitudinal axis 
18 of the container, I is the vertical distance between (a) a line which is 
tangent to the resting surface 15 of the container and (b) the center point 
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of a circle S2 which is a cross-section of a toroid which is associated with 
the curvature of the exterior surface of an outside corner 20 which is 
disposed within the recessed circular center portion. 

Examples of several other base portions for retortable high panel 
strength plastic containers according to the Invention are illustrated in 
Figs. 2-7. The reference characters and dimensions of the embodiments 
illustrated in Figs. 2-7 correspond with those already described with respect 
to Fig. 1. 

A cross-sectional profile of the exterior surface of the recessed 
circular center portion of the bottom wall of a plastic container according 
to the invention taken in a vertical plane which contains the longitudinal 
axis of the container is described by the following equation: 
VHAX = CINT + CA*NA + CB*N + CC*NC + CD*ND + CE*NE + CF*N + CAB*NA*NB + 
CACWNC + CAFWN + CBC*NB*NC + CBD*NB*ND + CBF*NB*N + CCD*NC*ND + 
CCF*NC*N + CDE*ND*NE + CDF*ND*N + CEF*NE*N + CA2*NA*NA + CC2*NC*NC + 
CD2*ND*ND + CF2*N*N 

where VMAX> 0.9736 + 0.10795*F - 0.014365*F*F, with VMAX being the factor by 
which the volume of the container is increased when the container contains a 
liquid and is sealed with a closure and is subjected to a predetermined peak 
sterilization temperature; and 

CINT - 0.95141; CA - 0.431643; CB = 0.0233244; CC = 0.444403; CD = - 
0.48394; CE = -0.067243; CF = 0.162753; CAB = -0.17774; CAC = -0.88224; 

CAF = -0.031124; CBC = -0.24037; CBO = 0.246981; CBF = 0.0172123; 

CCD = 0.372528; CCF = -0.034754; CDE = 0.392639; CDF = -0.043493; 

CEF = 0.124634; CA2 = -0.25598; CC2 = -0.39205; CD2 = 0.298769; 

CF2 = -0.043109; and 

N = F /43.5; NA » A/N; NB = B/N; NC = C/N; ND = D/N; and NE = E/N; 
with A, B, C, D, E and F being defined as previously set forth in the 
description of the embodiment illustrated in Fig. 1 and: A being in the range 
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of 1.12 mm (0,044 inch) to 50. 8mm (2.000 Inches); B being in the range of 
10.2 mm (0.400 inch) to 101.6mm (4.000 inches); C being in the range of 
-34.5 mm (-1.359 inch) to 24.2 mm (0.954 inch); D being in the range of 
0.56mm (0.22 inch) to 26.97mm (1.062 inches); E being in the range of 10.16mm 
(0.400 inches) to 25.4 mm (1.001 inches); and, F being in the range of 14.3mm 
to 101.6mm (0.563 inch to 4.000 inches). The ranges for the values of A-F 
were determined by means of mathematical modeling to determine limits for the 
variables beyond which the containers are predicted to be subject to 
catastrophic failure during sterilization. 

The significance of the "normalizing factor" N is that 43.5 is the 
value of the dimension F in the container of the preferred embodiment 
illustrated in Figs. 8-11, as can be seen by referring to TABLE I. This base 
size for a container was successfully developed, and other containers 
according to the invention are scaled up or down from this base container by 
normalizing the dimensions. The normalized values for the ranges set forth 
in the preceding paragraph are as follows: NA is in the range of 1.98mm to 
12.7mm (0.078 inch to 0.500 inch); NB is in the range of 18.06mm to 39.27mm 
(0.711 inch to 1.546 inches); NC is in the range of -8.64mm to 6.05mm (-0.340 
inch to 0.238 inch); ND is in the range of 1.02mm to 6.76mm (0.040 inch to 
0.266 inch); NE is in the range of 2.54mm to 6.35mm (0.100 inch to 0.250 
inch); and NF is in the range of 8.36mm to 59.39mm (0.329 inch to 2.338 
inches). 

It is preferred that in a container according to the invention the 
thickness of the bottom wall, beginning at about the centerline of circle S2, 
described above, to the radially outer edge of the recessed circular center 
portion becomes progressively thinner as the radial distance from the 
longitudinal axis 18 of the container becomes greater. 

High panel strength containers according to the present invention may 
comprise a variety of shapes, a variety of plastics and may be manufactured 
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by. a variety of manufacturing methods. Therefor; a bottom profile of the 
type disclosed herein should be selected by a designer or engineer to be 
compatible with the plastic(s) and manufacturing method for a particular 
container in accordance with good engineering practices. 

Referring next to Figs. 8-11 there are shown front, side, top and 
bottom views, respectfully, of a plastic container according to a preferred 
embodiment of the present invention. The container 30 has a generally 
cylindrical main body portion 31. A neck portion 32 having an opening 33 
therethrough is disposed at one end of the main body portion, and a base 
portion 34 is disposed at the other end of the main body portion. A suitable 
closure (not shown) may be attached to the neck portion by means for 
attachment such as threads or adhesives or welding after the desired contents 
are placed in the container. The main body portion has grooves 35 therein 
which extend circumferentially around the main body portion and function to 
rigidify the main body portion and increase the panel strength of the 
container. 

Plastic containers according to the invention having the configuration 
illustrated in Figs. 8-11 have been manufactured with an overall height 3fi-of 
about 85.6mm (3.37 inches ), a maximum outside diameter 37 of about 51 ^l7jm 
j^05^nchesj^j nd_are sized to cwtal obi>ut_110jc;mL(four fluid ounces)_gf 
a liquid product. It has been determined that a container according to this 
preferred embodiment with these exemplary dimensions and which is intended to 
contain a non-oxygen sensitive product such as sterile water may be 
satisfactorily manufactured entirely of an ethylene -propylene random 
copolymer (obtainable for example from EXXON as PP-9122) using an injection 
stretch blow molding method and most preferably having the bottom profile 
illustrated in Fig. 6. The predetermined peak sterilization temperature for 
these containers is in the range of 122. 1'C to 131"C, with a target for 
sterilizer pressure in the range of saturated steam pressure to saturated 
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steam +82.74 kPa air pressure. In the preferred embodiment the side wall of 
the container has a thickness in the range of about 0.51mm to 1.27mm (0.02 
inch to 0.05 inch) and the bottom wall has a thickness in the range of about 
1.02mm to 3.05mm (0.04 inch to 0.12 inch). It has also been determined that 
satisfactory containers according to this preferred embodiment may be 
manufactured using any of the bottom profiles illustrated in Figs. 1-4. In 
each of these embodiments the radii of circles SI and S2 are equal. The 
dimensions for the bottom profiles which are satisfactory and preferred for 
this preferred embodiment are set forth in TABLE I, with all of the 
dimensions being in inches. A container in accordance with any of the 
embodiments set forth in TABLE I, has VMAX = 1.116. 

TABLE I [SI UNITS (MM) J 
Fig. DIMENSION 

No A B C D E F G H I 



1 2.6 37.6 6.0 1.0 2.5 43.5 42.8 20.2 -0.1 

2 3.7 36.2 -0.1 6.6 6.1 43.5 43.5 29.1 2.4 

3 2.0 39.3 0.1 4.8 4.7 43.5 43.2 35.2 2.8 

4 2.1 39.3 0.1 4.8 5.5 43.5 43.5 35.0 3.5 
6 2.0 39.3 0.1 3.5 3.7 43.5 43.5 31.2 0.3 



It has been determined that a container according to the embodiment 
illustrated in Figs. 8-11 intended to contain an oxygen sensitive product 
such as a milk-based nutritional product for human infants is preferably 
manufactured with plurality of layers of plastics. The plastic which forms 
the interior surface of the container should be a material which is 
chemically inert with respect to the contents of the container, and one of 
the layers of plastic should be a material that is substantially impermeable 
to air. A satisfactory multilayer container according to Figs. 8-11 has been 
manufactured having the structure set forth in TABLE II, with layer 1 being 
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the layer which forms the interior surface of the container and each 
successively numbered layer progressing towards the exterior of the 
container. An interesting feature of this multilayer structure is the 
composition of layer 2 from a mixture of virgin materials plus recycled 
materials which were flashing or unsatisfactory containers, with the 
recycling being done regularly as part of the container manufacturing 
process. Layer 4 is the gas barrier layer and layers 3 and 5 are adhesive 
layers. 



TABLE II 



LAYER 


MATERIAL 


PERCENT OF 
WALL THICKNESS 


SUPPLIER 


1 


ethylene-propylene random 
copolymer 


14 


EXXON, PP-9122 


2 


mixture of all components of the 
multilayer wall 


65 


CONTAINER 
MANUFACTURER 


3 


maleic anhydride-polypropylene 
graft copolymer 


1.5 


MITSUI, Admer 
QF-500 


4 


ethylene vinyl alcohol copolymer 


4 


EVALCA, 

either EVAL SC 
F-101A 
or EVAL LC 
F-101A 


5 


maleic anhydride-propylene graft 
copolymer 


1.5 


MITSUI, Admer 
QF-500 


6 


ethylene-propylene random 
copolymer 


14 


EXXON, PP-9122 



This container was manufactured by a co-extrusion blow molding process 
with the bottom profile illustrated in Fig. 6 and the dimensions set forth in 
TABLE I. The predetermined peak sterilization temperature for these 
containers is in the range of 122. l'C to 131'C, with a target for 
sterilization pressure in the range of saturated steam pressure to saturated 
steam 34.5 kPa (+5 p.s.i.) air pressure. In this preferred embodiment the 
side wall of the container has a thickness in the range of about 0.51mm to 
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l.Zlm (0.02 inch to 0.05 Inch) and the bottom wall has a thickness in the 
range of about 1.02mm to 2.03mm (0.04 inch to 0.08 inch). 

Referring next to Figs. 12-15 there are shown front, side, top and 
bottom views, respectfully, of a plastic container according to a second 
aspect of the invention. The container 40 has a generally cylindrical mam 
body portion 41. A neck portion 42 having an opening 43 therethrough is 
disposed at one end of the main body portion with a flange 44 interposed 
between the neck portion and the main body portion. A suitable closure (not 
shown) may be threadably attached to the neck portion after the desired 
contents are placed in the container. A base portion 45 is disposed at an 
opposite end of the main body portion from the neck portion. 

A preferred embodiment of a plastic container having the configuration 
shown in Figs. 12-15 has^jLoyeral] height 45 of about 106.7mm (4.2 inches^, 
a maximum outside diameter 47 of abou tJ4 .7mm (1.76 i nches) in the base 
po7tioT45; an outside di !m^te7^fltauT33 . 53mm (lT32 inches) in the main 
body portion 41, and is intended to contain about 59.14cm 3 (two fluid ounces) 
of a liquid nutritional product. It has been determined that a container 
according to this preferred embodiment and which is intended to contain a 
non-oxygen sensitive liquid product such as sterile water may be 
satisfactorily manufactured entirely of an ethylene-propylene random 
copolymer (available from EXXON as PP-9122) using an injection stretch blow 
molding method and most preferably the bottom profile illustrated in Fig. 5, 
wherein the radius of circle SI is 3.18mm (0.125 inch), the radius of circle 
S2 is 2.54mm (0.100 inch); A = 2.87mm (0.113 inch); B = 26.97mm (1.062 inch); 
C = 0.18mm (0.007 inch); 0 = 3.15mm (0.124 inch); E = 2.64mm (0.104 inch); F 
= 38.35mm (1.510 inch); G * 33.32mm (1.312 inch); H = 22.25mm (0.876 inch); 
and I = 1.02mm (0.040 inch), and has a VMAX of 1.113. The predetermined peak 
sterilization temperature for these containers is in the range of 122. l'C to 
131-C with a target for sterilization pressure in the range of saturated 
steam'pressure to saturated steam +12 p.s.i. air pressure, in the preferred 
embodiment the side wall of the container has a thickness in the range of 
about 0.02 inch to 0.05 inch and the bottom wall has a thickness in the range 
of about 0.04 inch to 0.10 inch. 

It has been determined that a container according to the embodiment 
illustrated in Figs. 12-15 intended to contain an oxygen-sensitive liquid 
product such as milk-based nutritional product for human infants is 
preferably manufactured with a plurality of layers of plastics. The plastic 
which forms the interior surface of the container should be a material which 
is chemically inert with respect to the contents of the container, and one of 
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the layers of plastic should be a material that is substantially impermeable 
to air. A container according to Figs. 12-15 having the structure set forth 
above in TABLE II, with layer 1 being the layer which forms the interior 
surface of the container and each successively numbered layer progressing 
towards the exterior of the container has been manufactured by a co-extrusion 
blow molding process with the bottom profile illustrated in Fig. 5 and the 
same dimensions set forth in the immediately preceding paragraph for a 
monolayer container. However; the predetermined peak sterilization 
temperature for this multilayer container is in the range of 121. 1°C to 131°C 
with a target sterilization pressure in the range of saturated steam pressure 
to saturated steam +34.5 kPa (+5 p.s.i.) air pressure. In this preferred 
multilayer embodiment the side wall of the container has a thickness in the 
range of about 0.51mm to 1.27mm (0.02 inch to 0.05 inch) and the bottom wall 
has a thickness in the range of about 1.52mm to 2.79mm (0.06 inch to 0.11 
inch). 

Referring next to Figs. 16-19 there are shown front, side, top and 
bottom views, respectfully, of a plastic container according to a third 
embodiment of the invention. The container 50 of this embodiment has a main 
body portion 51 having a substantially rectangular cross-sectional profile as 
opposed to the circular cross-sectional profiles of the first two embodiment 
which have already been described. A neck portion 52 having an opening 53 
therethrough is disposed at one end of the main body portion, and a base 
portion 54 is disposed at the other end of the main body portion. A suitable 
closure (not shown) may be threadably attached to the neck portion after the 
desired contents are placed in the container. The main body portion 51 has 
grooves 55 therein which extend completely thereabout and function to 
rigidify the main body portion and increase the panel strength of the 
container. 

In an exemplary embodiment a plastic container having the configuration 
illustrated in Figs. 16-19 has an jwerall height 56 of about 2 03.2 mm (8.0 
i nches) jL j^jm'Tmim wi dth 57 and depth 58 which are both about 87.38mm (3.44 



in ches), a nd the recessed circular center portion in the bottom of the base 
portion has an outside diameter 59 of about 69.88mm (2.75 inches) and is 
intended to contain about one meter 3 of a liquid product. A plastic container 
according to this embodiment illustrates the use of the circular bottom 
profiles disclosed herein in conjunction with a container having a 
substantially rectangular cross-section. 

It has been determined that a container according to the embodiment 
illustrated in Figs. 16-19 intended to contain a non-oxygen sensitive product 
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such as sterile water may be satisfactorily manufactured entirely of an 
ethylene-propylene random copolymer (obtainable from EXXON as PP-9122) using 
an injection stretch blow molding method, and the bottom profile illustrated 
in Fig. 7, wherein the radii of circles SI and SI are equal and A = 5.11mm 
(0.201 inch); B - 59.61mm (2.347 inch); C = 0.38mm (0.015 inch); D = 6.93mm 
(0.273 inch; E - 5.18mm (0.204 inch); F = 69.85mm (2.750 inch); G = 69.80mm 
(2.748 inch); H = 50.19mm (1.976 inch); and I = 0.076mm (0.003 inch), and a 
VMAX of 1.171. The predetermined peak sterilization temperature for a 
container according to this embodiment is in the range of 118. 7'C to 131°C, 
with a target for sterilization pressure in the range of saturated steam 
pressure to saturated steam 124.1 kPa (+18 p.s.i.) air pressure. In this 
preferred embodiment the side wall of the container has a thickness in the 
range of about 0.51mm to 1.27mm (0.02 inch) to 0.05 inch and the bottom wall 
has a thickness in the range of about 1.52mm to 4.06mm (0.06 inch to 0.16 
inch). 
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CLAIMS: 

1. A retortable plastic container comprising a sidewall and a bottom wall 
formed as a single piece said container having a high panel strength, said 
bottom wall having an exterior surface with the lowermost portion thereof 
being a resting surface which extends circumferential ly about a recessed 
circular center portion of the bottom wall of the container, said recessed 
circular center portion having a longitudinal axis of the container for a 
center thereof, a cross-sectional profile of the exterior surface of the 
recessed circular center portion of the bottom wall of the container taken in 
a vertical plane which contains the longitudinal axis of the container being 
described by the following equation: 
VHAX = CINT + CA*NA + CB*N + CC*NC + CD*ND + CE*NE + CF*N + CAB*NA*NB + 
CAC*NA*NC + CAF*NA*N + CBC*NB*NC + CBD*NB*ND + CBF*NB*N + CCD*NC*ND + 
CCF*NC*N + CDE*ND*NE + CDF*ND*N + CEF*NE*N + CA2*NA*NA + CC2*NC*NC + 
CD2*ND*ND + CF2*N*N 

where VMAX> 0.9736 + 0.10795*F - 0.014365*F*F, with VMAX being the factor by 
which the volume of the container is increased when the container contains a 
liquid and is sealed with a closure and is subjected to a predetermined peak 
sterilization temperature; and 

CINT-0.95141; CA-0.431643; CB=0. 0233244; CC=0. 444403; CD--0. 48394; 

CE = -0.067243; CF = 0.162753; CAB = -0.17774; CAC = -0.88224; 

CAF = -0.031124; CBC = -0.24037; CBD = 0.246981; CBF = 0.0172123; 

CCD = 0.372528; CCF = -0.034754; CDE = 0.392639; CDF = -0.043493; 

CEF = 0.124634; CA2 = -0.25598; CC2 = -0.39205; CD2 = 0.298769; 

CF2 = -0.043109; and 

N = F /43.5; NA = A/N; NB = B/N; NC = C/N; ND = D/N; and NE = E/N; with 
A being in the range of 1.18mm (0.044 inch to 2.000 inches) and being 
the weighted average of the radii of (a) a first circle which is a cross- 
section of a first toroid which is associated with the curvature of the 
exterior surface of the bottom of the container at an inside corner which 
connects the resting surface with said recessed circular center portion and 
(b) the radius of a second circle which is a cross-section of a second toroid 
which is associated with the curvature of the exterior surface of an outside 
corner which is disposed within said recessed circular center portion; 
wherein the weighted average of the radii is the quotient of (a) the angular 
value of an arc of the first circle which is in contact with the exterior 
surface of the bottom wall of the container times the radius of the first 
circle, plus the angular value of an arc of the second circle which is in 
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contact with the exterior surface of the bottom wall of the container times 
the radius of the second circle, divided by (b) the sum of the angular values 
of the two arcs; 

B being in the range of 10.16mm to 101.6mm (0.400 inch to 4.000) 
inches and being the minimum horizontal distance between two circles which 
are disposed on opposite sides of the longitudinal axis of the container and 
are both cross sections of said first toroid; 

C being in the range of -34,52 to 24.23mm (-1.359 to 0.954 inch) and 
being the horizontal distance between (a) a first vertical line which is 
tangent to a first circle which is a cross-section of said first toroid and 
(b) a second vertical line which is tangent to a second circle which is a 
cross-section of said second toroid with both of said circles being located 
on the same side of the longitudinal axis of the container and both of said 
vertical lines being interposed between said circles; 

D being in the range of 0.56mm to 26.97mm (0.022 inch to 1.062) and 
being the vertical distance between (a) a horizontal line which is tangent to 
said resting surface and (b) the exterior surface of the bottom of said 
container at the longitudinal axis of said container; 

E being in the range of 10.16mm to 25.43mm (0.400 inches to (1.001 
inches) and being the vertical distance between (a) a horizontal line which 
is tangent to said resting surface and (b) a horizontal line which is tangent 
to the top of a circle which is a cross-section of said second toroid; and, 

F being in the range of 14.3mm to 101.6mm (0.563 inch to 4.000) inches 
and being the horizontal distance between (a) the radially outer edge of the 
recessed circular center portion on one side of the longitudinal axis and (b) 
the radially outer edge of the recessed circular portion on the opposite side 
of the longitudinal axis. 

2. A retortable plastic container according to claim 1 wherein the 
container consists of only a single material. 

3. A retortable plastic container according to claim 1 wherein the 
container comprises a plurality of layers of different materials. 

4. A retortable plastic container according to claim 1 wherein the 
container consists of only a single material and a main body portion of the 
container has a cross-sectional shape, taken perpendicular to the 
longitudinal axis of the container, which is substantially circular. 
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5. A retortable plastic container according to claim 1 wherein the 
container consists of only a single material and a main body portion of the 
container has a cross-sectional shape, taken perpendicular to the 
longitudinal axis of the container, which is substantially rectangular. 

6. A retortable plastic container according to claim 1 wherein the 
container comprises a plurality of layers of different materials and a main 
body portion of the container has a cross-sectional shape, taken 
perpendicular to the longitudinal axis of the container, which is 
substantially circular. 

7. An assembly comprising: (a) a retortable plastic container, as 
described in any of claims 1-6, (b) a liquid contained in the container, and 
(c) a closure attached to the container by means for attachment. 

8. A retortable plastic container as described in any of claims 1, 2,3, 4 
or 6 comprising a generally cylindrical main body portion, a neck portion 
having an opening therethrough being disposed at one end of the main body 
portion, and a base portion being disposed at the other end of the main body 
portion, the container being formed as a single piece and having a high panel 
strength, the container having an overall height of about 86.36mm (3.4 
inches), a maximum outside diameter of about 50.8mm (2 inches) and a capacity 
of about 118.3cm 3 (four fluid ounces). A cross-sectional profile of the 
exterior surface of the recessed circular center portion of the bottom wall 
of the container taken in a vertical plane which contains the longitudinal 
axis of the container being selected from the group consisting of profiles 1 
through 5 set forth in the following table: 

TABLE I [SI UNITS (MM)] 

Ho DIMENSION 
No* ABC D E F G H I 



1 


2.6 


37.6 


6.0 


1.0 


2 


3.7 


36.2 


-0.1 


6.6 


3 


2.0 


39.3 


0.1 


4.8 


4 


2.1 


39.3 


0.1 


4.8 


6 


2.0 


39.3 


0.1 


3.5 



2.5 


43.5 


42.8 


20.2 


-0.1 


6.1 


43.5 


43.5 


29.1 


2.4 


4.7 


43.5 


43.2 


35.2 


2.8 


5.5 


43.5 


43.5 


35.0 


3.5 


3.7 


43.5 


43.5 


31.2 


0.3 
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